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•  Key	
  Physics	
  QuesGons	
  
–  Parton	
  propagaGon,	
  energy	
  loss	
  and	
  hadronizaGon	
  in	
  CNM	
  	
  
–  CNM	
  and	
  QGP	
  effects	
  in	
  Forward	
  rapidity	
  in	
  p+A	
  and	
  A+A	
  
–  ModificaGon	
  of	
  parton	
  distribuGons	
  inside	
  the	
  nucleus	
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  (and	
  final)	
  
9/9/14	
   Ming	
  Liu,	
  QCD	
  Townhall	
  2014	
   1	
  



2	
  9/9/14	
   Ming	
  Liu,	
  QCD	
  Townhall	
  2014	
  

CriGcal	
  to	
  have	
  p+A,	
  beVer	
  kinemaGcs	
  and	
  precision.	
  
With	
  e+A,	
  fully	
  explore	
  the	
  iniGal	
  and	
  final	
  state	
  dE/dx	
  	
  
and	
  other	
  CNM	
  contribuGons	
  to	
  QGP	
  effects	
  in	
  A+A	
  	
  

RHIC	
  

I.	
  Vitev	
  PRC	
  75,	
  064906	
  (2007)	
  

Rich	
  Forward	
  CNM	
  Physics	
  in	
  p+A:	
  p+A	
  	
  	
  	
  	
  	
  e+A	
  	
  ≠

DIS:	
  e+A	
  

Drell-­‐Yan:	
  p+A	
  

Significant	
  compeGng	
  CNM	
  effects	
  in	
  the	
  	
  
forward	
  rapidity	
  parGcle	
  producGons:	
  
	
  

1)	
  Cronin;	
  2)High-­‐Twist	
  shadowing;	
  	
  3)E-­‐Loss;	
  4)	
  SaturaGon	
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Fig. 1. Neutral pion suppression in minimum bias d + Au collisions at y = 4 at
RHIC. Theoretical calculations that include known nuclear matter effects are shown.
A complete simulation gives a good description of the experimental data.
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Here, C R is the quadratic Casimir in the fundamental and ad-
joint representations for quarks and gluons, respectively, λg is the
gluon mean free path of O(1 fm) and αs is the strong coupling
constant. In this Letter we refer to the soft interactions with typ-
ical transverse momentum transfers squared ξ2 ∼ 0.1 GeV2 for
quarks prior to the large Q 2 scattering as initial-state. Similarly,
the soft interactions after the hard scattering are described as
final-state. We emphasize that such separation is only possible
if ξ2 A1/3 " Q 2. We will only be interested in lepton pair pro-
duction of invariant mass squared M2 = Q 2 ! 10 GeV2, which
is compatible with this constraint. Finally, we point out that the
ξ2 dependence in Eq. (2) is implicit through κLPM , the over-
all suppression factor relative to the incoherent Bertsch–Gunion
bremsstrahlung.

The differential medium-induced bremsstrahlung spectrum can
be expressed as a solution of an inhomogeneous recurrence rela-
tion with suitably chosen boundary conditions [12]. These bound-
ary conditions differ for initial-state and final-state energy loss and
the results will be correspondingly different. Final-state interac-
tions and Eq. (3) have been investigated in detail, for example
see [2–5]. Let us now focus on Eq. (2). Our starting point is the
integral form for the double differential medium-induced gluon
bremsstrahlung spectrum [12]:
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In Eq. (4) k is the transverse momentum of the gluon relative to
the direction of the parent parton, k+ is its large lightcone momen-
tum and q is the momentum transfer from the nuclear medium.
The formation time of the gluon τ f = k+/k2 in comparison to the
size of the medium L determines the degree of the destructive in-
terference between the Bertsch–Gunion radiation and the radiation
from the hard scattering. Let us focus on k+ ∼ E+ and recognize
that when τ f " L and k varies, the phase factor sin(L/τ f ) oscil-
lates rapidly and averages to zero. One is left with the first term in
the integrand of Eq. (4), which is the incoherent medium-induced
bremsstrahlung:
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In the opposite limit τ f $ L for k+ ∼ E+ we can expand the sine
function to lowest order and obtain:
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Note that the overall multiplicative coefficients {· · ·} in Eqs. (5)
and (6) have to be evaluated numerically with the relevant kine-
matic cuts specified in Ref. [12]. In the coherent regime the co-
efficient also reflects the destructive interference effect between
the bremsstrahlung associated with the soft scattering and the
bremsstrahlung associated with the large Q 2 process and can
be numerically small. As the energy of the parent parton in the
rest frame of the large nucleus grows, the approximation for
!Erad.

initial-state given by Eq. (6) becomes more relevant. This is the
basis for the advocated energy and path length dependence in
Eq. (2).

Of course, there are always parts of the emitted gluon phase
space (k+,k) that are not compatible with simple approxima-
tions. For this reason, we first evaluate the fully differential
bremsstrahlung spectrum numerically from Eq. (4), as described
in [12]. From Eq. (1) in the small energy loss limit we can then
quote a radiation length:

X0 = LE
[∫

dk+
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d2kk+ dN g(E, L)

dk+ d2k

]−1

. (7)

To summarize, for final-state interactions, the destructive Lan-
dau–Pomeranchuk–Migdal (LPM) interference leads to a change in
the functional form of radiative energy loss. Eq. (3) does not al-
low for a natural definition of a radiation length and implies that
the experimentally observable effects are limited to relatively small
quark and gluon energies. In contrast, even if the LPM suppres-
sion factor κLPM ∼ 1/10 in Eq. (2), !Erad.

initial-state retains some of
the characteristics of incoherent bremsstrahlung, see Eqs. (4), (5)
and (6). For this reason, initial-state energy loss can also signif-
icantly affect experimental observables in heavy ion collider ex-
periments of much higher

√
sN N [13,19,20]. Furthermore, Eq. (2)

implies that the stopping power of cold nuclear matter for par-
tons prior to a hard Q 2 $ Λ2

QCD scattering can be characterized by
a radiation length X0 defined in Eq. (7). One can see parametri-
cally from Eq. (2) that X0 is expected to be of O(10 fm–100 fm) —
the shortest radiation length in nature, ten orders of magnitude
smaller than the radiation length of high-Z materials, such as
tungsten, for electrons.

The Drell–Yan process in heavy ion collisions1 — q + q̄ → γ ∗ →
l+ + l− at leading order (LO) — is an ideal probe of initial-state
effects. The final-state particles do not interact strongly with the
nuclear medium, providing a relatively clean experimental sig-
nature. Still, definitive separation of leading-twist shadowing ef-
fects [21–23] and parton energy loss [12,24–27] has so far proven
challenging [28,29]. In no small part this difficulty arises from
the fact that the very same Drell–Yan data in proton–nucleus

1 In this Letter we will use the term heavy ion collisions to describe both p + A
and A + A hadronic reactions at relativistic energies.
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Why	
  Explore	
  QGP	
  in	
  Forward	
  Rapidity?	
  
•  Longitudinal	
  expansion	
  of	
  QGP,	
  least	
  explored	
  	
  

–  Expect	
  different	
  mix	
  of	
  CNM	
  and	
  QGP	
  
–  Hadrons,	
  Drell-­‐Yan,	
  Jets	
  etc.	
  in	
  eta	
  up	
  to	
  ~	
  4.	
  
–  RAA,	
  Vn,	
  CorrelaGons	
  in	
  large	
  rapidity	
  	
  
–  Many	
  interesGng	
  puzzles	
  in	
  forward	
  rapidity	
  pA	
  &	
  AA	
  

•  Scaling	
  of	
  “v2”	
  in	
  the	
  forward	
  rapidity,	
  why?	
  	
  
–  LiVle	
  energy	
  dependence,	
  from	
  20GeV	
  to	
  2.8	
  TeV	
  
–  Is	
  Hydro	
  flow	
  the	
  only	
  source	
  of	
  Vn?	
  Other	
  physics?	
  

•  Strong	
  energy	
  dependence	
  of	
  Rcp	
  
–  Believed	
  due	
  to	
  different	
  mix	
  of	
  CNM	
  and	
  QGP	
  

effects,	
  same	
  at	
  large	
  rapidity?	
  
–  Important	
  for	
  QCD	
  CriGcal	
  point	
  search	
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Detector Concept Magnet System

Figure 2.1: A schematic view of combined sPHENIX/fsPHENIX detector systems, showing
the location of vertex tracker (a reconfigured FVTX), intermediate tracker (GEM), HCal,
MuID, and piston field shaper in the forward region.

pipe to shape the magnetic field near the beam axis, see Figure 2.2. One possible choice
for a large saturation point material for such a field shaper could be an alloy with a large
concentration of cobalt. For example, the material HIPERCO-50 with a 49%Co+49%Fe
composition saturates at 2.25 Tesla.

Figure 2.2: The magnetic piston field shaper surrounding the beam pipe. The tungsten
saw-tooth ring structure is also shown, as a possible upgrade to the baseline design to absorb
the background from the particles shower within the piston material.
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p	
   p/A	
  

Clearly	
  isolate	
  and	
  measure	
  	
  
Sivers-­‐like	
  and	
  Collins-­‐like	
  effects	
  in	
  p+p	
  

Key	
  capabiliGes:	
  
-­‐	
  Jet	
  with	
  Cal.	
  
-­‐	
  Tracking	
  


